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*, L, j!Y, )'8, <@!f>, hg-i, E4F!E4<>, OFJ, *o)o?,L, EF<!E<F>,
)'8, hg--i, F4EIF!F4<IF, %&0220/', $0'%2, 9F, &&, 2%((0'5,
)$2/, /42%*3%8, 0', V, ?/'.05"*)(0/'=B, C7%2%,
/42%*3)(0/'2, G%*%, ?)**0%8, /"(, 4%(G%%', F@<F,
Z%4*")*+,E,)'8,FNB,`$$,/42%*3)(0/'2,"2%8,(7%,W08%k,
?/**%$)(/*, G0(7, ), (/()$, 4)'8G08(7, /., EBY, \O:, )(, ),
2#%?(*)$, *%2/$"(0/', /., F, 1O:, 98")$, #/$)*0:)(0/'=B,
C7%, Y, )'(%'')A%K"03)$%'(, /', 2/"*?%, (0&%2, ./*, /"*,
(G%$3%, .*%K"%'?+, 2%("#2, ("'%8, (/, <<@B<FP,,,,,,,,,,,,,,
9gJ,*,L,j!Y,)'8,hg-i,E4F!E4<=>,<<EBP<f,9gOm,*,L,<!@=>,
<ENBYM@, 9OFJ, *o)o?, L, F@F!<<<=>, <N<BEFP, 9gJ, *Lf!P,
)'8, JOm, <<Z!@<Z=>, <NPBP@@, 9OFJ, *o)o?, L, E<F!E@E=>,
<MjBjMj, 9gJ, *L<@!f, )'8, OFJ, *o)o?, L, EF<!E<F, )'8,
E<F!FF<=>, <YNBMfP, 9OFJ, *o)o?, L, NFF!N<E=>, F@NB@Fj,,,,,
9gJ, *L<E!<F=>, FFjBY@N, 9OFJ, *o)o?, L, F<F!<@<, )'8,
FF<!F<F=>, FN@BEYN, 9]OE, Eo)!Fo2=>, FM@BNf@,,,,,,,,,,,,
9JO, F#<IF, EIF!<IF, )'8, gJ, *L<Y!<M=>, )'8,,,,,,
FMfB@Ef,\O:,9hg--i,F4EIF!F4<IF=,)*%,MB@>,<@BF>,NBE>,YBj>,
FBN>, jBP>, <BP>, <B<>, <Bf>, EB@>, FBE>, )'8, NBM, 7*>,
*%2#%?(03%$+B, C7%, '%)*4+, *)80/, K")2)*2, <YEjmMjN>,
<PNfmYj@>, /*, <YNFmYf@, G%*%, /42%*3%8, %3%*+,,,,
FFBM, &0'"(%2, ./*, ?/&#$%6, 5)0', )'8, 4)'8#)22,
SUPPLEMENTARY INFORMATION
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?)$04*)(0/'B, !%3%*)$, *%5"$)*$+,&/'0(/*%8,&0$$0&%(%*,




Z/*, 8)(), *%8"?(0/'>, ?)$04*)(0/'>, )'8, 0&)50'5>, (7%,
\-[V`!, #)?H)5%, G)2, "2%8B, W%, 2/$08$+, 8%(%?(, (7%,,,
gJ, *, L, f!P, )'8, <@!f>, JO, F#<IF, EIF!<IF>, )'8,,,,,,,,,
OFJ, *o)o?, L, F@F!<<<>, E<F!E@E>, E<F!FF<>, )'8, EF<!E<F,
%&0220/', $0'%2>, )'8, (%'()(03%$+, 8%(%?(, (7%,,,,,,,,,,,,,,,,,
gJ, *L<E!<F, )'8, OFJ, *o)o?, L, NFF!N<E, %&0220/', )'8,
JOm,<<Z!@<Z,)'8,]OE,Eo)!Fo2,)42/*#(0/',$0'%2B,W%,
)880(0/')$$+,/4()0',"##%*,$0&0(2,/',(7%,gOm,*,L,<!@>,
gJ, *+L, <Y!<M>, )'8, OFJ, *o)o?,L, F<F!<@<, )'8, FF<!F<F,
$0'%2,92%%,Z05"*%,<,./*,$0'%,8%(%?(0/'2>,Z05"*%,!<,./*,
2#%?(*), /., (%'()(03%$+, 8%(%?(%8, $0'%2, )'8, "##%*,
$0&0(2>, )'8, C)4$%, !F, ./*, $0'%, .$"6%2=B, g/'(0'""&,
%&0220/', 02, 8%(%?(%8, /3%*, (7%, %'(0*%, G)3%$%'5(7,
*)'5%, 92%%, C)4$%, !<, ./*, ?/'(0'""&, .$"6%2>, )'8,
Z05"*%, !F, ./*, ?/'(0'""&, &)#2=B, W%, 2#)(0)$$+,
*%2/$3%, (7%, gJ, *, L, j!Y, )'8, <@!f>, hg-i, E4F!E4<>,,,,,,,,
OFJ, *o)o?, L, EF<!E<F>, )'8, hg--i, F4EIF!F4<IF, %&0220/',
$0'%2, )'8, "'8%*$+0'5, ?/'(0'""&, %&0220/', 0', (7%,
&/2(, %6(%'8%8, )**)+, ?/'.05"*)(0/'B, [0'%A)3%*)5%8,
&)#2, /., (7%, ?/&#)?(, ?/'.05"*)(0/', 8)(), ./*, (7%,,,,,
gJ, *, L, f!P, )'8, <@!f>, JO, F#<IF, EIF!<IF>, )'8,,,,,,,,,
OFJ, *o)o?,L, F@F!<<<>, E<F!E@E>, )'8, EF<!E<F, $0'%2, G%*%,
?*%)(%8,"20'5,')("*)$,4)2%$0'%,G%057(0'5B,C7%,*B&B2B,
'/02%, $%3%$2, )(, (7%, $0'%, .*%K"%'?0%2, )*%, @BFF>, @BNY>,
@BEF>,@BFM>,@BE@>,)'8,@BNP,&S+,4%)&A<,#%*,<>MFj>,ffE>,
F>E@@>, P@F>, P@F>, )'8,<>@Mf, H&2A<, 9jF@>, MF@>, <>fF@>,
EY@>,N@@>,)'8,MY@,1O:=,40',92%%,Z05"*%,!E,./*, $0'%,
&)#2,)'8,2+'(7%20:%8,4%)&,20:%2=B,O057A*%2/$"(0/',
$0'%A)3%*)5%8, &)#2, /., (7%, gJ, *, L, j!Y, )'8, <@!f>,,,
OFJ, *o)o?, L, EF<!E<F>, )'8, hg--i, F4EIF!F4<IF, %&0220/',
$0'%2, G%*%, ?*%)(%8, "20'5, "'0./*&, 4)2%$0'%,
G%057(0'5>, )'8, ), 7057A*%2/$"(0/', hg-i, E4F!E4<, &)#,
G)2, ?*%)(%8, "20'5, ')("*)$, G%057(0'5B, C7%, *B&B2B,
'/02%, $%3%$2, )(, (7%, $0'%, .*%K"%'?0%2, )*%, @B<Y>, @B<<>,
@B<F>,@BN@>,)'8,@B<f,&S+,4%)&A<,#%*,fPF>,<><PN>,fPN>,
YFM>, )'8, YMF, H&2A<, 9EY@>, YF@>, MF@>, MN@>, )'8,,,,,,,,,
FN@,1O:=, 40', 92%%, Z05"*%2, E, )'8, !M, ./*, $0'%,&)#2,
)'8, 2+'(7%20:%8, 4%)&, 20:%2=B, O057A*%2/$"(0/',
3%$/?0(+, )'8, 802#%*20/',&)#2,G%*%, ?*%)(%8, ./*, (7%,
gJ, )'8, hg--i, $0'%2, 4+, 4$)'H0'5, (7%, 8)(), 4%$/G, <!,
$%3%$,9Z05"*%2,E,)'8,!Y=B,!%#)*)(%,hg--i,2#%?(*),G%*%,
%6(*)?(%8, ./*, (7%, (G/, &)0', 2"4?/&#/'%'(2, /., (7%,
5)$)6+, 9Z05"*%, !j=B, O057A*%2/$"(0/', ?/'(0'""&,
&)#2, )(, FBj>, <Bf>, )'8, <BF, &&, G%*%, ?*%)(%8, "20'5,
"'0./*&,4)2%$0'%,G%057(0'5B, C7%, *B&B2B, '/02%, $%3%$2,
/3%*, (7%, $0'%A.*%%, *%50/'2, 9F>jN@>, <>fY@>, )'8,,,,,,
F>P@@, 1O:=, )*%, YN>, YE>, )'8, <M@, QS+, 4%)&A<, 92%%,






W%, "2%8, (7%, Sq[`, 0', (7%, `, )**)+, ?/'.05"*)(0/', (/,
/42%*3%,OZ[!E,)(,<BN,\O:,9T-e,-302/'=B,J42%*3)(0/'2,
G%*%, ()H%', /', F@<<, S"'%, F@, )'8, FN, ./*, ), (/()$, /.,,
NB@, 7*>, "20'5, (7%, W-V`R, ?/**%$)(/*, G0(7, ), (/()$,
4)'8G08(7, /., FMY, 1O:, 9."$$, #/$)*0:)(0/'=B, J'%, /.,
(7%, 4)2%4)'8, #)0*2, G)2, $/2(, 8"*0'5, (7%, .0*2(, *"'>,
*%2"$(0'5, 0', ), M@l, $/22, 0', %..%?(03%, 4)'8G08(7B,
`??/"'(0'5, ./*, (702, $/22>, (7%, (/()$, %..%?(03%, /'A
2/"*?%, 0'(%5*)(0/', (0&%, )&/"'(2, (/, XFBM, 7*B, C7%,
K")2)*, EgFPY, G)2, /42%*3%8, )2, #*0&)*+, .$"6,
?)$04*)(/*B, C7%, K")2)*, S<YNEmYFNM, G)2, /42%*3%8,
%3%*+, E@!N@, &0'"(%2, ./*, 2%?/'8)*+, 5)0',
?)$04*)(0/'B, V)(), *%8"?(0/'>, ?)$04*)(0/', )'8, G08%A
.0%$8, 0&)50'5, G%*%, #%*./*&%8, "20'5, (7%, `-T!,
#)?H)5%>, )'8, ./$$/G0'5, #*/?%8"*%2, /"($0'%8, 0', (7%,
$0(%*)("*%BNF>NE, C7%, 2+'(7%20:%8, 4%)&, 20:%, ./*, (7%2%,





W%, )$2/, "2%8, (7%, Sq[`, 0', (7%, V'g>, V>, )'8, g, )**)+,
?/'.05"*)(0/'2, (/, /42%*3%, OZ[!E, 0', (7%, *%8270.(%8,
gJ, *L<!@>, F!<>, )'8, E!F, %&0220/', $0'%2, 9*%2(,
.*%K"%'?0%2e, <<MBFj<F>, FE@BMEP@, )'8,,,,,,,,,,,
ENMBjfY@,\O:>, *%8270.(%8, (/, <MBj<<F>, E<BNF<j, )'8,
NjB<E<<, \O:d, T-2e, R0%?7%*2>, -302/'=B, gJ, *LF!<,
/42%*3)(0/'2, G%*%, ()H%', "'8%*, 5//8, G%)(7%*,
?/'80(0/'2, ./*, <BY, 7*, 9FBM, 7*=, /', 2/"*?%, 9(/()$=, /',
F@<F, S)'")*+, <>, "20'5, (7%,W-V`R, ?/**%$)(/*, 0',5-,
4)'8, G0(7, ), (/()$, 4)'8G08(7, /., F, \O:, 9."$$,
#/$)*0:)(0/'=, )(, ), 2#%?(*)$, *%2/$"(0/', /., F, 1O:,,,,,,
9<f, H&2A<=B, gJ, *L<!@, /42%*3)(0/'2, G%*%, ()H%',
"'8%*, 5//8,G%)(7%*, ?/'80(0/'2, ./*, @Bf, 7*, 9<BM, 7*=,
/', 2/"*?%, 9(/()$=, /', F@<F, S)'")*+, <F>, "20'5, (7%,
2)&%,?/**%$)(/*,2%("#,0',6,4)'8>,+0%$80'5,),2#%?(*)$,
*%2/$"(0/',/.,EP,H&2A<B,gJ,*LE!F,/42%*3)(0/'2,G%*%,
()H%', "'8%*, 5//8, G%)(7%*, ?/'80(0/'2, ./*, FBP, 7*,,
9NBM,7*=,/',2/"*?%,9(/()$=,/',F@<F,`#*0$,<M,)'8,<Y>,
"20'5,(7%,2)&%,?/**%$)(/*,2%("#,0',7,4)'8>,+0%$80'5,
), 2#%?(*)$, *%2/$"(0/', /., <FBj, H&2A<B, C7%, K")2)*,
EgFPY,G)2,/42%*3%8,)2,#*0&)*+,.$"6,?)$04*)(/*B,C7%,
K")2)*, S<YEPmMjF@, G)2, /42%*3%8, %3%*+,,,,,,,,,,,,,,,,,,
NBM, &0'"(%2, ./*, 2%?/'8)*+, 5)0', ?)$04*)(0/'B, V)(),
*%8"?(0/',)'8,?)$04*)(0/',G%*%,#%*./*&%8,"20'5,(7%,
`-T!, #)?H)5%B, C7%, 2+'(7%20:%8, 4%)&, 20:%2, ./*, (7%,
gJ, *LE!F>, F!<, )'8, <!@, /42%*3)(0/'2, )*%,
@BYM_"@BM<_>, FBf_"FBE_>, )'8, MBE_"EBN_, 9')("*)$,
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4)2%$0'%,G%057(0'5=, )(, *B&B2B, '/02%, $%3%$2, /., fE>, E<,
)'8,NF,QS+,4%)&A<,#%*,<><PE>,jYE>,)'8,Y<<,H&2A<,40',








<B<, &&B, J42%*3)(0/'2, 0', (7%, ?/&#)?(, 9gJ1=, )'8,
2"4?/&#)?(, 9!nc=, ?/'.05"*)(0/'2, )(, Fj@IFjM, \O:,
9$/?)$, /2?0$$)(/*, .*%K"%'?+=, G%*%, ?)**0%8, /"(, ./*,,,
jB<, 7*, /', 2/"*?%, /', F@<@, 1)+, <F, )'8, F@<<, 1)*,
<NIFE, G0(7, 206, /*, 2%3%', )'(%'')2, 9T-e, g$%&%'(2=B,,
C7%, #7/(/&%(*+, )'8, )2(*/&%(*+, .*/&, (7%, 0'0(0)$,
/42%*3)(0/'2, 0', F@<@, G%*%, "2%8, 0', ?/&40')(0/',
G0(7, (7%, !T-RU, #7/(/&%(*+, (/, *%.0'%, (7%,
#7/(/&%(*0?, *%8270.(, )'8, #/20(0/', ./*, )$$,





/', F@<<, S"$+, @Y, G0(7, 2%3%', )'(%'')2>, 0', (7%, UkC,
?/'.05"*)(0/', ./*,MBF,7*,/', 2/"*?%,/',F@<<,`"5"2(,
@E, G0(7, %057(, )'(%'')2>, )'8, 0', (7%, 3%*+, %6(%'8%8,
9qUk=,?/'.05"*)(0/',)(,EN<,\O:,./*,EBP,7*,/',2/"*?%,
/', F@<<, !%#(%&4%*, @Y, G0(7, %057(, )'(%'')2B, -', )$$,
(*)?H2>,(7%,205')$,G)2,)3%*)5%8,/3%*,4/(7,208%4)'82,
9N, \O:, /., 4)'8G08(7, %)?7, 0', (7%, N!P, \O:,
0'(%*&%80)(%, .*%K"%'?+, *)'5%=, (/, &)60&0:%, (7%,
%..%?(03%,?/'(0'""&,2%'20(030(+B,Z$"6>,4)'8#)22>,)'8,
5)0',?)$04*)(0/',G%*%,#%*./*&%8,/','%)*4+,K")2)*2B,
-', ?/&#)?(, ?/'.05"*)(0/'2>, g)$$02(/, G)2, "2%8, ./*,
)42/$"(%, .$"6, ?)$04*)(0/'B, J42%*3)(0/'2, /., ), (%2(,
K")2)*, 0', (7%, qUk, ?/'.05"*)(0/', 2"55%2(2, (7)(, (7%,
)42/$"(%, )2(*/&%(*+, ).(%*, )??/"'(0'5, ./*, #7)2%,
'/02%,02,)??"*)(%,(/,a@B<_B,
g)$04*)(0/',G)2,#%*./*&%8,"20'5, (7%,1-R,#)?H)5%>,
)'8, (7%,302040$0(+,8)(),G%*%, 0&)5%8,"20'5, (7%,`-T!,
#)?H)5%,92%%,C)4$%,!<, ./*,?/'(0'""&,.$"6%2=B,1)#2,
?*%)(%8,)(,<B<,&&,+0%$8,*%2/$"(0/'2,/.,EBN_"FBN_,)'8,
<B@Y_"@Bfj_, 0', (7%, gJ1, )'8, UkC, ?/'.05"*)(0/'2B,
-&)50'5,/.,(7%,qUk,8)(),)(,Pf@,Q&,)'8,(7%,UkC,8)(),
)(, <B<, &&, +0%$82, *%2/$"(0/'2, /., @BEY_"@BFf_, )'8,
<B@Y_"@Bfj_>, *%2#%?(03%$+, 9&)#2, ?*%)(%8, G0(7,
')("*)$, 4)2%$0'%, G%057(0'5=B, C/, &)60&0:%,
2%'20(030(+, )'8, 8+')&0?)$, *)'5%>, G%, )$2/, ?*%)(%8,
&)#2, G0(7, ?/&40'%8, "3, 8)(), 2%(2, .*/&, )$$, )**)+,
?/'.05"*)(0/'2, /42%*3%8, )(, Fj@, )'8, EN<, \O:B, C702,
+0%$82, *%2/$"(0/'2, /., FBM_"FB<_, )'8, <BNM_"<BEf_,
"20'5, ')("*)$, )'8, ?$/2%, (/, */4"2(, @, 4)2%$0'%,
G%057(0'52, )(, Fj@, \O:>, )'8, /., @BNj_"@BNM_, )'8,
@BEf_"@BEE_, "20'5, ')("*)$, )'8, */4"2(, @, 4)2%$0'%,
G%057(0'52,)(,EN<,\O:B,C7%,?/'(0'""&,2%'20(030(+,0',
(7%2%,&)#2, 02, @BMf, )'8, <B<,&S+, 4%)&A<, )(, Fj@, )'8,
EN<, \O:>, *%2#%?(03%$+, 9')("*)$, G%057(0'5d, 2%%,













?)&%*), )(, (7%, -R`1, E@&, (%$%2?/#%, (/, /42%*3%, ),
XEr"NBMr,.0%$8,)*/"'8,OZ[!E,)(,X<Ps,*%2/$"(0/',9T-e,
T%*%:AZ/"*'/'=B, C7%, 2/"*?%, G)2, /42%*3%8, ./*, 206,,
<@,&0',2?)'2,/',F@<F,`#*0$,<P,)'8,FF>,+0%$80'5,)',
%..%?(03%, /', 2/"*?%, 0'(%5*)(0/', (0&%, /., X<, 7*B, C7%,
*)80/, K")2)*2, <YEjmMjN, )'8, <YN<mEff, G%*%,
/42%*3%8, 4%./*%, )'8, ).(%*, (7%, 2/"*?%, (/, 8%*03%,
#/0'(0'5,?/**%?(0/'2,./*,(7%,(%$%2?/#%B,C7%,*%2"$(0'5,
)2(*/&%(*0?,%**/*,02,4%$/G,Es,*B&B2B,`42/$"(%,.$"6%2,
G%*%,8%*03%8, *%$)(03%, (/,]%#("'%, 9YBF@, S+,/',F@<F,
`#*0$, <<=>, )'8, )*%, %2(0&)(%8, (/, 4%, )??"*)(%, (/, MlB,
C7%,8)(),G%*%,*%8"?%8,)'8,?)$04*)(%8,"20'5,3%*20/',
FB<FAF,/., (7%,gRn!O,#)?H)5%BNN>NM,W%,8%(%?(,OZ[!E,
)(, jBf!, 205'0.0?)'?%, )(, ), ?%'(*)$, .*%K"%'?+, /.,,,,,,,,,







W%,7)3%,/42%*3%8,OZ[!E, 0',G70(%, $057(, )'8, 0', (7%,
!V!!,8>,$>, 9>, )'8,R\J,:, .0$(%*2, 9?%'(*)$,G)3%$%'5(72,
/., NPNBN>, YFFBP>, jjfBY>, )'8, PjNBP, '&=>, "20'5, (7%,
`g`1, 0'2(*"&%'(, )(, (7%, NBF&,WOC, 9PBEt, 80)&%(%*,
.0%$8, /., 30%G>, @BFM_, 20:%, #06%$2=, /', F@<@, `"5"2(, j>,
G0(7, (/()$, %6#/2"*%, (0&%2, /., F@>, NM>, N@>, Y@>, )'8,,,,,,
<M,&0'"(%2>, *%2#%?(03%$+>, )'8,G0(7, @Bf_, 2%%0'5, 9T-e,
T%*%:AZ/"*'/'=B, Z"*(7%*, 4*/)8A4)'8, 0&)50'5, G)2,
/4()0'%8, 0', (7%, '%)*A0'.*)*%8, 5%, .0$(%*, 9FBF, Q&=>,
"20'5, (7%, [-R-!, 0'2(*"&%'(, 9NBFjt"NBFjt, .0%$8, /.,
30%G>,@BFM_,20:%,#06%$2=>,/',F@<<,`#*0$,F<B,C7%,(/()$,
0'(%5*)(0/', (0&%, G)2, Mf, &0'"(%2>, )'8, (7%, 2%%0'5,
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(7%, -`gr2, -R`Z, $0*028*, ()2HB),J#(0?)$, 0&)5%2, G%*%,




Z"*(7%*>, 8%%#%*, /#(0?)$, 0&)50'5, /42%*3)(0/'2,G%*%,
?)**0%8,/"(,0',(7%,!V!!,8>,$>,9>,)'8,!,4)'82,"20'5,(7%,
J#(0?)$, !+2(%&, ./*, -&)50'5, )'8, $/G, R%2/$"(0/',
-'(%5*)(%8,!#%?(*/2?/#+,9J!-R-!=,0'2(*"&%'(,/',(7%,
\Cg, <@BN&, (%$%2?/#%, 9jBPt"jBPt, .0%$8, /., 30%G, )(,
@BEYMA<B@M, Q&>, @BFM_, 20:%, #06%$2d, T-e, T%*%:A
Z/"*'/'=B4,J42%*3)(0/'2,G%*%, ?)**0%8, /"(, 4%(G%%',
F@<<, S"'%, Ff, )'8, `"5"2(, E>, G0(7, (/()$, %6#/2"*%,
(0&%2, /., NM>, NM>, EY@>, )'8, EY@, &0'"(%2>, G0(7, <B<_>,
@BfY_>, @BPM_>, )'8, @BfP_, 2%%0'5, 0', (7%, .0')$, 2()?H%8,
0&)5%2, 0',(7%,8>,$>, 9,)'8,!A4)'82>,*%2#%?(03%$+B,U)?7,
/42%*30'5, 4$/?H, ?/'202(%8, /., &)'+, 80(7%*%8, 27/*(,




C7%, )2(*/&%(*0?, ?)$04*)(0/', /., (7%, WOC, )'8, \Cg,
0&)5%2, G)2, ?)**0%8, /"(, "20'5, (7%, \*)#70?)$,
`2(*/'/&+, )'8, -&)5%, `')$+202, C//$, 9\`-`=,
0'?$"8%8, 0', (7%, !()*$0'H, )2(*/'/&0?)$, 2/.(G)*%,
#)?H)5%B?>8,C7%, [-R-!, 5%, 0&)5%, G)2, (0%8, (/, F1`!!,
2()*2>, )'8, 02, %2(0&)(%8, (/, 4%, )??"*)(%, (/, X@BF_,
9*B&B2B, /., (7%, .0(=B, C/, )?70%3%, (7%, 4%2(, *%$)(03%,
)2(*/&%(*0?, )??"*)?+>, G%, 7)3%, ?)*%."$$+, *%502(%*%8,
)$$, /#(0?)$, 0&)5%2, 9)'8, ),91!#$I-R`g=, (/, (7%,
*%.%*%'?%, .*)&%, /., (7%, 5%, [-R-!, 0&)5%B, C702, G)2,
)?70%3%8,4+,%6(*)?(0'5,),?)()$/5"%,/.,4*057(,2/"*?%2,
G0(70',),<BFt, *)80"2, *%50/',)*/"'8,OZ[!E, .*/&,(7%,
[-R-!, 5%, 0&)5%, "20'5, !U6(*)?(/*BNY, C702, 2/"*?%,
?)()$/5, G)2, (7%', "2%8, 0', \`-`, (/, ?)$?"$)(%, )',
)2(*/&%(*0?, 2/$"(0/', ./*, (7%, WOC, `g`1>, \Cg,
J!-R-!>, )'8, ),91!#$I-R`g, 0&)5%2B, C7%, *B&B2B,
*%208")$2, /., (7%, )2(*/&%(*0?, .0(2, )*%, @B<Y_!@BFF_, 0',
)$$,4)'82B,,
,
C7%, #7/(/&%(*0?, ?)$04*)(0/', /., (7%, /#(0?)$, 0&)5%2,
G)2, ?)**0%8, /"(, 4)2%8, /', (7%, !$/)', V050()$, !H+,
!"*3%+, 9!V!!=, VRP, T7/(/&%(*0?, g)()$/5BNj, F1`!!,
G)2, "2%8, ./*, (7%, '%)*A0'.*)*%8, #7/(/&%(*0?,
?)$04*)(0/'BNP,
,
W%,8%(%?(, 205'0.0?)'(, %&0220/',X@BYM_,'/*(7,/., (7%,
2"4&0$$0&%(%*,#/20(0/',/.,OZ[!E,0',)$$,/#(0?)$,4)'82,






/*050')(%2, .*/&, ), ?/&#)?(>, .)0'(, !LFB@f<, 5)$)6+>,
8"44%8,\<c,92%%,4%$/G,./*,*%8270.(,8%(%*&0')(0/'=B,
W%, 8%(%?(, %6(%'8%8, %&0220/', ?$/2%, (/, (7%, #/20(0/',
/.,OZ[!E, 0', (7%,5%, 4)'8, )(, @BYM_, *%2/$"(0/'>,G70?7,
/*050')(%2,.*/&,4/(7,\<c,)'8,OZ[!EB,]/,%&0220/',02,
8%(%?(%8, )(, (7%, #/20(0/', /., OZ[!E, 0', (7%, /#(0?)$,
4)'82>, ?/'202(%'(, G0(7, (/()$, )42/*#(0/', 8"%, (/, ),
\"''AT%(%*2/',(*/"57,)(,/42%*3%8A.*)&%,aPfF,'&>,
)'8, 205'0.0?)'(, 8"2(, /42?"*)(0/', $/'5G)*8, /., (7%,
[+&)', 4*%)HB, c)2%8, /', \`[Z-C, &/8%$2Nf, G%, .0'8,
(7)(,\<c,?)',4%, .0((%8,G%$$,G0(7,),5)$)6+,#*/.0$%, 0',
(7%, /#(0?)$, 4)'82,G0(7/"(, 205'0.0?)'(, *%208")$2B,W%,
"2%8, (7%, 2)&%, \`[Z-C, &/8%$2, ./*, /#(0?)$,
#7/(/&%(*+,/.,\<cB,!U6(*)?(/*,G)2,"2%8,./*,5%,4)'8,









]-RgF, ?)&%*), 9@B@N_, 20:%,#06%$2>, N@_, .0%$8A/.A30%G=,
)'8, (7%, o%?H, --, $)2%*, 5"08%A2()*, )8)#(03%A/#(0?2,
2+2(%&,9T-2e,Z">,R0%?7%*2=BM@,`',;,L,<NBj,&)5'0("8%,
2()*, NE_, '/*(7, /., OZ[!E, 2%*3%8, )2, (7%, (0#A(0$(,
*%.%*%'?%, 2()*B, C7%, %2(0&)(%8, !(*%7$, *)(0/, )(, (7%,
2/"*?%, #/20(0/', 02, XFYlB, C7%, /"(208%, 2%%0'5, G)2,
X@BN_, 9F@<<=, )'8,X@BP_, 9F@<F=, 0', (7%, /#(0?)$B, C7%,
)8)#(03%, /#(0?2, ?/**%?(0/'2, +0%$8%8, #/0'(, 2#*%)8,
."'?(0/'2, G0(7, %..%?(03%, ZWO1, /., (+#0?)$$+,,,,,,,,,,,,,
FBF, #06%$2, 9F@<<=, )'8, EB@, #06%$2, 9F@<F=>, )2,





5)$)6+, \<c, (/, (7%, '/*(7, 8%(%?(%8, 0', (7%, 2%%0'5A
$0&0(%8, WOC, [-R-!, 0&)5%B, \<c, )##%)*2, ?/&#)?(,
)'8,4)*%$+,*%2/$3%8,0',(702,0&)5%>,2"55%2(0'5,(7)(,0(,
02, ), *%$)(03%$+, 2&)$$>, $/GA&)22, 5)$)6+, 9?/'202(%'(,
G0(7, 0(2, ?/&#)?('%22, )'8, 4*057('%22, 0', (7%, /#(0?)$,




2?)$%, .*/&, (7%, 2%%0'5A$0&0(%8,WOC,5%, 4)'8, 0&)5%>,
(702, (*)'2$)(%2, (/, ), 5%, 4)'8, .$"6, 8%'20(+, /.,
<BPFE±@BE@M,QS+>,/*,FEBFM±@B<j,&)5,9`c=,./*,OZ[!E,









OZ[!E, G)2, /42%*3%8, 0', (G/, 2%#)*)(%, /42%*30'5,
*"'2, "20'5, (7%, o%?H, -, <@A&, (%$%2?/#%, [/GA
R%2/$"(0/', -&)50'5, !#%?(*/5*)#7, 9[R-!d, T-e,
c*085%=BM<, Z/*, (7%2%, 8)(), G%, "2%8, ), <BMs, 2$0(>, (7%,
VMY@,80?7*/0?,G0(7,(7%,Y@@IN@@@,5*02&,94$"%,208%=,
)'8, (7%, N@@IPM@@, 5*)(0'5, 9*%8, 208%=B, ,c0''0'5, (7%,
8)(), <"F, 92#)(0)$, #06%$"2#%?(*)$, #06%$=, /', (7%, 4$"%,
208%, *%2"$(2, 0', 802#%*20/'2, /., <BFY, )'8,,,,,,,,,,,,,,,,,,,,
<B<Y, )'52(*/&2, #%*, #06%$>, *%2#%?(03%$+B, ,C7%, 8)(),
G%*%, #*%A#*/?%22%8, )'8, G)3%$%'5(7, )'8, .$"6,
?)$04*)(%8, "20'5, 2()'8)*8, -R`Z, #*/?%8"*%2B, ,Z0*2(,
/42%*3)(0/'2,G%*%,()H%',"'8%*,2%%0'5,?/'80(0/'2,/.,











G%*%, "2%8, ./*, #/20(0/')$, *%.%*%'?0'5, /'$+=B,
`880(0/')$, 2#%?(*),G%*%, ()H%', /', F@<<,1)+, FP, (/,
?/'.0*&, (7%2%, $0'%2>, 7/G%3%*, (7%, 2%%0'5, G)2,





G70?7, 02, G0(70', (7%, *)'5%, /., /"*, 2#%?(*"&B,
O/G%3%*>, G%, 8/, '/(, 2%%, )'+, %308%'?%, ./*, $0'%, /*,
?/'(0'""&, %&0220/', .*/&, OZ[!E, 0', /"*, [R-!,
2#%?(*)B, C7%2%, .0'80'52, )*%, ?/'202(%'(, G0(7, /"*,
4*/)8A4)'8, #7/(/&%(*+>, )'8, 2"55%2(, (7)(, 4/(7,







C7%, #/20(0/', /., OZ[!E, G)2, ?/3%*%8, 4+, (7%,
T*%$0&0')*+, R%$%)2%, g)()$/5, /42%*3)(0/'2, /.,W-!U>,
G70?7, ?/'()0'2, Mjl, /., (7%, 2H+BMF, C7%, 2/"*?%,
*%&)0'2, "'8%(%?(%8, 0', (7%, EBN>, NBY>, <F>, )'8, FF, Q&,







OZ[!E,G)2,/42%*3%8, ./*,<7*,/',2/"*?%,%)?7, 0', (7%,
EBY, )'8, NBMQ&, 4)'82, 9-R`g, ?7)''%$, <, )'8, F=, /',
F@<F, 1)*?7, F<, 9G)*&, &0220/'d, T-e, q0%*)=B, V)(),
*%8"?(0/',G)2,#%*./*&%8,"20'5,(7%,1JTUk,#)?H)5%,
)'8, 2()'8)*8, #*/?%8"*%2B, T7/(/&%(*+, G)2,
%6(*)?(%8, G0(7, (7%, !U6(*)?(/*, #)?H)5%B, \03%', (7%,
*%2/$"(0/',/.,),91!#$>,G%,8%(%?(,),#)*(0)$,4$%'8,/.,(7%,
:LFB<, 5)$)6+, \<c, )'8, OZ[!E, 9Z05"*%, !f=B, `.(%*,
&)(?70'5, (7%, *%.%*%'?%, .*)&%2>, G%, "2%8, (7%,
#/20(0/'2,/.,\<c,0',(7%,/#(0?)$,)'8,OZ[!E,)(,$/'5%*,
G)3%$%'5(72, )2, #*0/*2, ./*, /"*, 8%A4$%'80'5,
#*/?%8"*%2, 4)2%8, /', \`[Z-C, &/8%$2, /., 4/(7,
2/"*?%2B, C7%, *B&B2B, *%208")$2, /., (7%, )2(*/&%(*+,
&)(?70'5, )*%, (+#0?)$$+, a@BF_, 4%(G%%', 0'80308")$,
4)'82, 0'?$"80'5, -R`g>,G70?7, 02,&"?7, 2&)$$%*, (7)',
(7%, 2#)(0)$, 2%#)*)(0/', /., \<c, )'8, OZ[!E, 92%%,
)4/3%=B, V%2#0(%, (7%, .)?(, (7)(, (7%, %&0220/', 0', (7%,
-R`g,4)'82,02,8/&0')(%8,4+,\<c>,0(,(7"2,02,#/2204$%,











.0((%8, (7%, ?/'(0'""&, #7/(/&%(*+, 8)(), 0', C)4$%, !<,
G0(7,(7%,*%8270.(,.06%8,(/,!LYBEEYfB,W%,.0(,&/80.0%8,
4$)?HA4/8+, 91cc=, ."'?(0/'2, (/, (7%,?/'(0'""&,8)(),
4%(G%%',/42%*3%8A.*)&%,FM@,Q&,)'8,E,&&>,G70?7,
)*%, %6#%?(%8, (/, 4%, 8/&0')(%8, 4+, (7%*&)$, 8"2(,
%&0220/'B, -', (702, .*)&%G/*H>, (7%, .$"6, 8%'20(+, )!, /.,
(7%,(7%*&)$,%&0220/',)(,.*%K"%'?+,%,2?)$%2,G0(7,(7%,
T$)'?H, ."'?(0/', <!, )'8, ), .*%K"%'?+A8%#%'8%'(,
/#(0?)$, 8%#(7, .)?(/*, )2, )!, &, 9<!%6#9!"%==, <!=>?>,
G7%*%,"%L9%I%@='>,)'8,%@,02,(7%,.*%K"%'?+,G7%*%,(7%,
/#(0?)$, 8%#(7, *%)?7%2, "'0(+BME, W%, D/0', (702,
."'?(0/')$, ./*&,(/,),%($  #/G%*, $)G,/', (7%,4$"%,208%,
/., (7%, !UV, #%)H, G0(7, 2$/#%,$B, C7%, .0(, #)*)&%(%*2,
(7"2, )*%, (7%, 8"2(, (%&#%*)("*%, >8>, (7%, #/G%*, $)G,
2$/#%, /., (7%, %6(0'?(0/', ?"*3%, #>, (7%, G)3%$%'5(7,
)@L?I%@,G7%*%,(7%,/#(0?)$,8%#(7,*%)?7%2,"'0(+>,)'8,
)',/3%*)$$,'/*&)$0:)(0/'>,G70?7,G%,?7//2%,(/,4%,(7%,
/42%*3%8A.*)&%, M@@, Q&, .$"6, 8%'20(+, )M@@Q&B, C7%,
?7/0?%,/.,)M@@Q&,0'2(%)8,/.,&"$(0#$+0'5,4+,)',/3%*)$$,
&"$(0#$0?)(0/', .)?(/*, 02, &/(03)(%8, 4+, ?/'208%*)4$+,
4%((%*, '"&%*0?)$, 2()40$0(+B, Z*/&, (702, .0(>, G%, ?)',
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8%*03%,)',/3%*)$$,9.)*A=0'.*)*%8,$"&0'/20(+,@9Z=-R,)'8,
8"2(, &)22,A8B, W%, "2%, )', )..0'%A0'3)*0)'(, 1)*H/3,
g7)0', 1/'(%, g)*$/, 91g1g=, 2)&#$%*, 9#B&##=MN, (/,
?/&#"(%, M@@>@@@, 2(%#2, .*/&, FM@, 2)&#$%*2B, J"*,
)##*/)?7, ."$$+,&)*50')$0:%2,/3%*, (7%,/#(0?)$,8%#(7>,
)'8, ()H%2, ?/3)*0)'?%2, 4%(G%%', (7%, 0'#"(,
#7/(/&%(*+, 0'(/, )??/"'(B, C7%, )"(/?/**%$)(0/',
$%'5(7,02,aM@,2(%#2,./*,)$$,#)*)&%(%*2>,0B%B>,(7%,?7)0'2,
?/'3%*5%, 3%*+, G%$$B, C7%, *%2"$(0'5, ?/'2(*)0'(2, )*%,
27/G',0',Z05"*%,!<FB,
,
J"*, 4%2(, .0(, 7)2, ), *F, /., E<BM, ./*, FE, 8%5*%%2, /.,
.*%%8/&B,W%, .0'8,'L<BfF±@B<F,)'8,>8LMMBfmfBEA<FB@,o,
)(, ), 4%2(A.0(, M@@, Q&, .$"6, 8%'20(+, /., NNB@mNBjANBY,&S+B,
C7%,#/G%*A$)G,2$/#%,(/,.0(,(7%,4$"%,208%,/.,(7%,!UV,
02, /'$+, #//*$+, ?/'2(*)0'%8, 4+, (7%, 8)(), 9$;FBM, )(,
fMBNl,#*/4)40$0(+=B,J"*,?)$?"$)(0/'2,)$2/,#*/308%,)',
"##%*, $0&0(, ./*, )@L?I%@a<><fN, Q&, 9<YFBj, Q&, *%2(A
.*)&%=, )(, fMBNl, ?/'.08%'?%, $%3%$>, G0(7, ), 4%2(A.0(,
3)$"%, /., jEEmEFYANYj,Q&, 9ffBfmNNBNAYEBY,Q&, *%2(A.*)&%=B,
C702, 2"55%2(2, (7)(, (7%, /42%*3%8, %&0220/', $0'%2, )(,
%/42;<BF,&&,8/,'/(,*%K"0*%,%6(0'?(0/',?/**%?(0/'2,0',
$0'%, %6?0()(0/', &/8%$2B, C7%, .)?(, (7)(, G%, ?)', /'$+,
#$)?%, )', "##%*, $0&0(, /', )@,7)2, $0(($%, %..%?(, /', (7%,
%2(0&)(%8, @9Z=-R, )'8,A8B, J"*, .0(2, 0&#$+, )', 0'.*)*%8,
9-Rd, P!<@@@, Q&=, $"&0'/20(+, /.,,,,,,,,,,,,,,,,,
@-RL9NB<Ym@BFjA@BFf="<@<E, [2"'>, )'8, ), .)*A0'.*)*%8,,,,
9Z-Rd, NFBM!<FFBM, Q&=, $"&0'/20(+, /.,,,,,,,,,,,,,,,,,,





)22"&0'5, ), &)22, )42/*#(0/', ?/%..0?0%'(, /.,,,,,,
$%LFBYN,&F,H5A<,)(,<FM,Q&BMM,C702,+0%$82,),8"2(,&)22,
/.,A8L9<BE<m@BEFA@BE@="<@f,12"'B,C7%,%**/*,4)*2,8/,'/(,






c%208%2, 80*%?(, 1cc, .0((0'5>, G%, )$2/, "2%8, *F,
&0'0&0:)(0/',*/"(0'%2,(/,.0(,5)$)6+,(%&#$)(%2,(/,(7%,
#7/(/&%(*+,/.,OZ[!EB,W%,2%$%?(%8,(%&#$)(%2,./*,(7%,
'%)*4+, 2()*4"*2(, 5)$)6+, 1PF>, (7%, '%)*4+, "$(*)A
$"&0'/"2, 0'.*)*%8, 5)$)6+, `*#, FF@>, (7%, !L<BNN, *%8,
5)$)6+,OR<@>, )'8, (7%,5*)30()(0/')$$+, $%'2%8,!LFBEF,
5)$)6+, !11, SF<EM!@<@F, 9(7%, g/2&0?, U+%$)27d,
Z05"*%,F=BMY>Mj>MP,C7%,Z-R,!UV,27)#%,02,'/(,?/'202(%'(,
G0(7,OR<@,/*,(7%,U+%$)27B,C7%,'%)*I&08A0'.*)*%8,(/,
Z-R, .$"6, *)(0/, 02, /'$+, &)*50')$$+, ?/'202(%'(, G0(7,
1PFB, O/G%3%*>, (7%, /3%*)$$, !UV, 27)#%, 02, .)0*$+,
?/'202(%'(,G0(7,`*#,FF@B,C7%,80..%*%'?%2,0',(7%,Z-R,
!UV,27)#%,*%$)(03%,(/,`*#,FF@,?)',4%,%6#$)0'%8,G0(7,
), $/G%*, 8"2(, /#(0?)$, 8%#(7, 0', OZ[!EB, C7%, 8"2(, 0',,
`*#, FF@, 5%(2, /#(0?)$$+, (70?H, )(, G)3%$%'5(72,
27/*(G)*8, /., *%2(A.*)&%, FEN±E, Q&>F@, G7%*%)2,
OZ[!E, 02, /#(0?)$$+, (70', $/'5G)*8, /., *%2(A.*)&%,
<YFBj,Q&, 9fMBNl,?/'.08%'?%, $%3%$d, 2%%,!%?(B, EB<B<=B,
W%, )$2/, )((%&#(%8, (/, .0(, (7%, !UV, G0(7, (%&#$)(%,









g/2&0?, U+%$)27>, /"*, .0(, +0%$82, ), *F, /., <EBY, ./*,,,,,,,,,,,,,
j, 8%5*%%2, /., .*%%8/&B,W%,&%)2"*%,)@LF<F±FN,Q&,
0', (7%, *%2(, .*)&%B, Z/*, (7%, :LNBFf, 5)$)6+, OZ[!<,
802?/3%*%8,)2,#)*(,/.,/"*,2"*3%+>,G%,/4()0',),*F,/.,
<<BF, ./*,M,8%5*%%2,/., .*%%8/&>, )'8,)@LF@@mFfAFM,Q&,
0', (7%,*%2(, .*)&%B,Z/*, (7%,:LNBNN,5)$)6+,OZ[!M>,G%,
/4()0', ), *F, /., EBY, ./*, M, 8%5*%%2, /., .*%%8/&>, )'8,
)@L<fP±MF, Q&, 0', (7%, *%2(, .*)&%B, Z/*, (7%, :LFBfY,
5)$)6+, O[!WA@<>Y<, G%, /4()0', ), *F, /., YBP, ./*,,,,,,,,,,,,,,,,
Y,8%5*%%2,/.,.*%%8/&>,)'8,)@L<fj±<f,Q&,0',(7%,*%2(,
.*)&%B, C7"2>, )@XF@@, Q&, 02, ./"'8, ./*, (7%2%, 7057A
*%8270.(, 5)$)60%2>, G0(7, 0'80308")$, 3)$"%2, (7)(, )*%,
?/&#)(04$%,G0(7,(7)(,&%)2"*%8,0',`*#,FF@B,C)H%',)(,
.)?%,3)$"%>,(702,G/"$8,0'80?)(%,(7)(,(7%,/#(0?)$,8%#(7,














!UV, .0(2, ./*, OZ[!E>, (702, 2"55%2(2, ), 2()*, ./*&)(0/',
*)(%,9!ZR=,/.,,XF>f@@,12"'+*A<B,C702,!ZR,G/"$8,4%,4+,




%6#$)0', (7%, ./*&)(0/', /., :XF, 2"4&0$$0&%(%*,
5)$)60%2BYN,J',(7%,/(7%*,7)'8>,#*%2%'(A8)+,%$$0#(0?)$,
5)$)60%2, 27/G, %308%'?%, ./*, 4/((/&A7%)3+,
-1Z2BYY>Yj>YP, `22"&0'5, (7)(, 2"4&0$$0&%(%*, 5)$)60%2,
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)*%, (7%, )'?%2(/*2, /., (7%2%, 5)$)60%2>, 0(, &)+, 4%,
%6#%?(%8,(7)(,(7%0*,-1Z,?/"$8,)$2/,4%,4/((/&A7%)3+B,
C702>, 7/G%3%*>, ?/"$8, 0&#$+, )', %3%', 7057%*, 2()*,
./*&)(0/', *)(%, (7)', 0', )'+, /., (7%, ?)2%2, K"/(%8,
)4/3%B, `22"&0'5>, (7)(, (7%, (7%/*%(0?)$, $0&0(, /.,,,,,,,,
%!ZR, L, <>@@@, 12"'+*A<,H#?AF, )##$0%2, (/, OZ[!E>, -1Z2,
(7)(, )*%, &/*%, 4/((/&A7%)3+, (7)', !)$#%(%*, )*%,








C/, 8%*03%, ), (/()$,&/$%?"$)*, 5)2,&)22, .*/&, (7%, gJ,
$"&0'/20(+, /., OZ[!E>,G%, )22"&%, ), $/G, ?/'3%*20/',
.)?(/*,/.,&gJ,L,A5)2I@tgJ,L,<,12"',9o,H&2A<,#?F=A<,.*/&,
gJ, $0'%, $"&0'/20(+, (/,A5)2>, )2, ?/&&/'$+, "2%8, ./*,
n[-R\2,9(+#0?)$,3)$"%2,/.,&gJ,L@BY!<B@>,G0(7,/"($0%*2,
/"(, (/, @BE!<BE, 12"', 9o, H&2A<, #?F=A<=Fj, )'8,
2"4&0$$0&%(%*A2%$%?(%8, 5)$)60%2, )(, 7057, *%8270.(BYf,
C7%, gJ, $"&0'/20(+, /., OZ[!E, 02,
@tgJL9<B@N±@B@f="<@<<, o, H&2A<,#?FB, C702, 2"55%2(2, ),
(/()$, &/$%?"$)*, 5)2, &)22, /.,
A5)2L9<B@N±@B@f="<@<<12"'B, -., G%, G%*%, (/, )8/#(, ),
7057,?/'3%*20/',.)?(/*,/.,&gJ,L,N,12"',9o,H&2A<,#?F=A<,
)2, ./"'8, ./*, '%)*4+, 2#0*)$, 5)$)60%2, 0'?$"80'5, (7%,
10$H+, W)+, )'8, 7057A*%8270.(, 802H, 5)$)60%2>j@, (7%,
&/$%?"$)*, 5)2, &)22, G/"$8, %6?%%8, (7%, 8+')&0?)$,

















@hg-iLEB@±<Bf"<@P, [2"'B, `22"&0'5, ), (+#0?)$, hg-i,

















G7%*%, DgmL<BN, 6, <@AN, 02, (7%, hg--i, )4"'8)'?%, #%*,
7+8*/5%',)(/&>,)'8,E?*0(LFBj"<@E,?&AE,02,(7%,?*0(0?)$,
8%'20(+, /., hg--iBjF, `22"&0'5, EL<@EBP, ?&AE, )'8,,,,
>L<NN, o, )2, &%)2"*%8, ./*, (7%, 8%'20(+, )'8, H0'%(0?,
(%&#%*)("*%, /., (7%, &/$%?"$)*, 5)2, 92%%,







Z*/&, .0((0'5, #/#"$)(0/', 2+'(7%202, &/8%$2jE, (/, (7%,
/#(0?)$,(/,&08A-R,8)(),/.,(7%,./*%5*/"'8,5)$)6+,\<c,
"20'5, '3,#$!>jN, G%, /4()0', ), 2(%$$)*, &)22, /.,
AvLNBMm<B<ANBF"<@<@, 12"'B, W%, )$2/, 7)3%, .0((%8,
#/#"$)(0/', 2+'(7%202, &/8%$2, (/, OZ[!E>, 4"(, 503%',
(7%, 7057, *%8270.(, )'8, 7057, 8"2(, /42?"*)(0/', /., (7%,
2/"*?%>, (7%, 8)(), )$$/G, ./*, ), 4*/)8, *)'5%, 0', Av,
4%(G%%', F"<@P, )'8, Y"<@<<, 12"'>, G0(7, )',
0'(%*K")*(0$%, *)'5%, /., @BF!F"<@<@, 12"'B, \03%', (7%,
&)22, /., (7%, 8"2(, )'8, 80..%*%'(, 5)2, #7)2%, &)22%2>,
2(%$$)*,&)22%2, /., ;<BM"<@<<,12"',G/"$8, %6?%%8, (7%,
8+')&0?)$,&)22,9%3%',G7%',)22"&0'5,(7)(,'/,8)*H,
&)((%*, 02, #*%2%'(d, "'8%*, (7%, )22"&#(0/', /., ), 8)*H,
&)((%*,.*)?(0/',/.,FMl>,(702,$0&0(,G/"$8,8%?*%)2%,(/,
;jBj"<@<@, 12"'=>, )'8, (7"2>, )*%, 802.)3/*%8, 8"%, (/,
/(7%*,/42%*3)(0/')$,?/'2(*)0'(2B,[0H%G02%>,503%',(7%,
?/'208%*)4$%, 8"2(, &)22>, 2(%$$)*, &)22%2, )(, (7%, $/G,
%'8, /., (7%, ./*&)$$+, )$$/G%8, *)'5%, )*%, 802.)3/*%8>,
)22"&0'5,(7)(,),205'0.0?)'(,.*)?(0/',/.,(7%,8"2(,G)2,
#*/8"?%8, 4+, 2()*2, 0', (7%, 5)$)6+B, 1)H0'5, (7%,
?/'2%*3)(03%,)22"&#(0/',(7)(,(7%,5)$)6+,?/'()0'2,)(,
$%)2(,)2,&"?7,&)22,0',2()*2,)2,0',8"2(,802.)3/*2,)'+,
2(%$$)*, &)22%2, /., a<BE"<@f, 12"', 9G70?7, 02, ?$/2%, (/,
(7%, $/G%*, $0&0(, /., (7%, 0'(%*K")*(0$%, *)'5%=B, C7%,
0'(%*K")*(0$%,*)'5%,G/"$8,2"55%2(,(7)(,(7%,4)*+/'0?,
&)22, 0', OZ[!E, 02, 8/&0')(%8, 4+, &/$%?"$)*, 5)2,




"20'5, 8"2(, %&0220/', (%&#$)(%2, 90B%B>, ()H0'5, (7%, ."$$,
2#%?(*)$, %'%*5+, 802(*04"(0/', 0'(/, )??/"'(=>Mf,
SUPPLEMENTARY INFORMATION
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)22"&0'5, ), &%()$$0?0(+, /., @BM, p2"'>, )'8, (7*%%,
80..%*%'(, 2()*, ./*&)(0/', 702(/*0%2, 9?/'2()'(>, )'8,
%6#/'%'(0)$$+, 8%?$0'0'5I*020'5=B, C7%, *%2"$(2, ./*, (7%,




(7)', ./*, ), g7)4*0%*, -1Z, 9G70?7, 02, 503%', 7%*%=B,
V0..%*%'?%2, ./*, &/*%, %6(*%&%$+, (/#A, )'8, 4/((/&A
7%)3+,-1Z2,)*%,(+#0?)$$+,X<,8%6BjY,Z/*,[+&)'A4*%)H,
5)$)60%2, )(, 20&0$)*, *%8270.(>, (7%, ?/&40'%8,
"'?%*()0'(+,8"%,(/,&%()$$0?0(+,)'8,(7%,)22"&%8,2()*,
./*&)(0/', 702(/*+, ./*, 8%(%*&0'0'5, (7%, 2(%$$)*,&)22,
02, X@BE, 8%6B, C7%, "'?%*()0'(+, 8"%, (/, ), #/2204$%,
?/'(*04"(0/', /., '%4"$)*, %&0220/', $0'%2, 9G70?7,
FGHI@J,()H%2,0'(/,)??/"'(=,(/,(7%,4*/)8A4)'8,.$"6%2,
./*, (7%, 2)&%, 5)$)60%2, 02, X@BF!@BN, 8%6Bjj, \03%', (7%,
7057, $%3%$,/.,8"2(,/42?"*)(0/', 0',OZ[!E>, (7%2%,(7"2,
)*%,"'$0H%$+,(/,4%,8/&0')'(,2/"*?%2,/.,"'?%*()0'(+B,
c/(7, 0'8%#%'8%'(, %2(0&)(%2, /., 1v, (7"2, )*%,
?/'202(%'(, G0(70', (7%, 9?/'208%*)4$%=, *%$)(03%,
"'?%*()0'(0%2B,W%,)8/#(,(7%,3)$"%,8%*03%8,.*/&,(7%,
FGHI@J, .0(, 0', (7%, ./$$/G0'5B,C702,3)$"%, 02,)4/"(,7)$.,











G7%*%, +0ZWO1, , 02, (7%, gJ, $0'%, G08(7, 0', H&2A<, 9G%,
7%*%,)8/#(,(7%,G08(7,/.,(7%,gJ,*LY!M,$0'%=>,)'8,$<IF,
02, (7%, 7)$., $057(, *)80"2, 0', H#?, 9G%, 7%*%, )8/#(, (7%,
&)D/*, )602, ZWO1, *)80"2, /., (7%, hg--i, %&0220/'>,
G70?7, 02,?/'202(%'(,G0(7,%2(0&)(%2, .*/&,(7%, $/G%*A
*%2/$"(0/', gJ, /42%*3)(0/'2=BEF, -', (702, %K")(0/'>, ),
2?)$0'5, .)?(/*, )##*/#*0)(%, ./*, 2"4&0$$0&%(%*,
5)$)60%2, 9G70?7, )*%, (+#0?)$$+, 802("*4%8, 2+2(%&2=, 02,
)8/#(%8B,C7%,2?)$0'5,.)?(/*,./*,),*/()(0'5,802H,)(,)',
)3%*)5%, 0'?$0')(0/', G/"$8, 4%, X<BM, (0&%2, 2&)$$%*>,
4"(, (702, %2(0&)(/*, G)2, ./"'8, (/, )5*%%, G%$$, G0(7,
&)22%2, 8%*03%8, .*/&, 8%()0$%8, S%)'2, &/8%$0'5, ./*,
&)2203%, 7057, *%8270.(, 5)$)60%2BEF, W0(7, (7%2%,
)22"&#(0/'2>, G%, .0'8, ), 8+')&0?)$, &)22, /.,,,,
FBj"<@<<,12"'B,`8/#(0'5,(7%,A8-%>,A8>,Av>,Ag->,)'8,AO-,
)2, 8%(%*&0'%8, )4/3%>, (702, 2"55%2(2, ), 8)*H, &)((%*,
.*)?(0/', /., KV1XN@l,/., (7%, 8+')&0?)$,&)22>,G70?7,
G/"$8, 4%, 7057%*, (7)', (7%, (+#0?)$$+, )8/#(%8,
F@l!FMl, ./*, :X<!F, 802H, 5)$)60%2, )'8, :XF,
!1\2Bj@><M, \03%', (7%, *%&)0'0'5, "'?%*()0'(0%2, 0', 1v,






W%,8%.0'%, (7%, 5)2,&)22, .*)?(0/',)2+ K5)2, L,A5)2IA8+'B,
Z/*,OZ[!E>,G%,.0'8,K5)2,X,N@lB,C702,02,?/&#)*)4$%,(/,
G7)(, 02, ./"'8, 0', 2"4&0$$0&%(%*A2%$%?(%8, 2()*4"*2(2,
)'8, &)2203%, 2()*A./*&0'5, 5)$)60%2, )(, :XF><M><Y, 4"(,
XE, (0&%2, 7057%*, (7)', 0', '%)*4+, n[-R\2, $0H%,,,,,,,,,,,
`*#, FF@>, )'8, ;E@, (0&%2, 7057%*, (7)', 0', (7%, 10$H+,
W)+B,-',#)*(0?"$)*>,(702,3)$"%,02,?/'202(%'(,G0(7>,4"(,
(/G)*82,(7%,7057,%'8,/.,(7%,#$)(%)",0',K5)2,/42%*3%8,
4%(G%%', Fa:aM, 9G7%', )8D"2(%8, (/, (7%, 2)&%,
8%.0'0(0/'=>jf, )'8, %6(%'82, 0(, (/G)*8, :;YB, C702,
2"55%2(2, (7)(>, (7%, 5)2, 2"##$+, *)(%2, 0', (7%, &/2(,
&)2203%, 7)$/2, )(, :;Y, )*%, 7057, %'/"57, (/, 2"##/*(,
*)#08,2(%$$)*,&)22,4"0$8"#>,)2,G0('%22%8,0',0(2,#%)H,
#7)2%,0',OZ[!E,9)2,27/G',4+,(7%,7057,!ZR,)'8,,!ZR>,
G70?7, 0&#$+, ), ?$/2%A(/A&)60&)$, 5)2, ?/'2"&#(0/',
*)(%=B,-(,)$2/,0&#$0%2,(7)(,3%*+,7057,*%8270.(,&)2203%,
2()*4"*2(, 5)$)60%2, $0H%, OZ[!E, )*%, '/(, +%(, 3%*+,
%3/$3%8, 0', (%*&2, /., (7%0*, ?/'3%*20/', /., 5)2, 0'(/,









!!!!"#$ ! !!!!!! ! ! ! ! !!!!!!"#$ !!!!!"#$!!!!,
,
G7%*%,$<BN\O:, L, A@BjM, 02, "2%8, )2, (7%, *)80/, 2#%?(*)$,
0'8%6>P@>P<, )'8, C[, 02, (7%, $"&0'/20(+, 802()'?%B, C702,
503%2, @<BN\O:, L, <Bj±@BE"<@FM, W, O:A<B, C7%, *)80/AZ-R,





Z/*, OZ[!E>, (702, +0%$82, LLFBEE±@BNE>, G70?7, )5*%%2,
3%*+,G%$$,G0(7,(7%,*)80/AZ-R,?/**%$)(0/',./*,'%)*4+,
2()*A./*&0'5, 5)$)60%2, 9LLFBE±@B<=>PE, )'8, G0(7, (7)(,
./*, !1\2, )'8, O%*1U!, 2/"*?%2, G0(7, .0*&, *)80/,
08%'(0.0?)(0/', 0', 5%'%*)$, 9LLFBN±@B<=BPN>P<, C7%, *)80/,
$"&0'/20(+, /., OZ[!E, (7"2, 02, ."$$+, ?/'202(%'(, G0(7,
'/'A(7%*&)$,2+'?7*/(*/',%&0220/',.*/&,2"#%*'/3),
*%&')'(2, 9!]R=, G0(70', (7%, 2()*A./*&0'5, *%50/'2>,














90B%B>, $)*5%, 3%$/?0(+, 5*)80%'(, &/8%$0'5=BPM, `2, 0'#"(,
#)*)&%(%*2>, G%, "2%, (7%, )3%*)5%, gJ, $0'%, G08(7, )2,
8%(%*&0'%8, .*/&, (7%, gJ, *LF!<, )'8, Y!M, $0'%2, /.,,,
YMf, H&2A<>, )'8, ), hgJIOFi, )4"'8)'?%, *)(0/, /., <@ANB,
W%,."*(7%*,.06%8,(7%,?/2&0?,&0?*/G)3%,4)?H5*/"'8,
(%&#%*)("*%, )(, !LYBEN, (/, >g1c>!LF@B@F, oB, W%,
?/&#"(%, gJ, 0'(%'20(0%2, ./*, ), $)*5%, &/8%$, 5*08, 0',
H0'%(0?, (%&#%*)("*%, 9>H0'L<@@Bj!<@EBj, o=>, &/$%?"$)*,
7+8*/5%', 8%'20(+, 8%'20(+, 9E9OF=L<@FB@!<@YB@, ?&AE=>,
*)(0/, /., gJ, ?/$"&', 8%'20(+, )'8, 3%$/?0(+, G08(7,
9MgJI80L<@<M!<@F@, ?&AF, 9H&2A<=A<=>, )'8, gJ,
%K"03)$%'(,802H,.0$$0'5,.)?(/*,9'`L<@ANB@!<@A<B@=B,Z*/&,
(7%, *%2"$(0'5, &/8%$, 5*08>, G%, 5%'%*)(%8, $0H%$07//8,
802(*04"(0/'2, ./*, )$$, &/8%$, #)*)&%(%*2B, `2, #*0/*2>,
G%, )22"&%, (7)(, (7%, #*%80?(%8,&/$%?"$)*, 5)2,&)22,
?)''/(, %6?%%8, (7%, 8+')&0?)$, &)22, /.,,





$0&0(, /', MgJB, g)$04*)(0/', %**/*2, ./*, 0'80308")$, $0'%,
.$"6, &%)2"*%&%'(2, )*%, )88%8, 0', K")8*)("*%B, `$2/>,
503%', (7%, $0&0(%8, /42%*3)(0/')$, ?/'2(*)0'(2>, G%,
)22"&%,(7)(,)$$,/42%*3%8,gJ,$0'%2,?)',4%,8%2?*04%8,
4+, ), 20'5$%, %6?0()(0/', ?/&#/'%'(B, C/, /4()0',
$0H%$07//8, 802(*04"(0/'2, ./*, ), 20'5$%, #)*)&%(%*>, G%,
0'(%5*)(%, (7%, $0H%$07//8, &)(*06, /3%*, )$$, /(7%*,
80&%'20/'2B, Z/*, ?/&#)*02/'>,G%, )$2/, ?)$?"$)(%, (7%,
&)60&), 0', (7%, $0H%$07//8, 802(*04"(0/', /., %)?7,
#)*)&%(%*, 9^<V, 1)6_=>, )'8, 0(2, &)60&"&, 0', (7%,
4%2(A.0(, 2/$"(0/', ./*, >H0'>, E9OF=>, MgJ>, )'8, '`,
?/&40'%8, 9^NV,1)6_=BPY,W%,8%.0'%, (7%, (7%*&)$,5)2,
#*%22"*%, )2, 4L4>'NO<L>H0'"E9OF=>, )'8, (7%, 4%)&A
)3%*)5%8, ?/$"&', 8%'20(+, )2, aMgJ;, L, MgJ"'`B, W%,
)$2/,8%*03%, $0H%$07//8,802(*04"(0/'2, ./*, (7%,3%$/?0(+,
5*)80%'(, 80I8$B, C7%, &/8%$A#*%80?(%8, &%80)',
#)*)&%(%*2, )'8, ?/**%2#/'80'5, <!, *)'5%2, )*%,
2"&&)*0:%8, 0', C)4$%, !EB, C7%, *%2"$(0'5, &)60&"&,
$0H%$07//8,&/8%$, 02, 27/G', 0',Z05"*%,!<EB,J'%A, )'8,
(G/A80&%'20/')$, $0H%$07//8, ?/'(/"*2, )*%, 27/G', 0',
Z05"*%,!<NB,C/, 0'3%2(05)(%, (7%,#*%2%'?%,/.,&"$(0#$%,
5)2, ?/&#/'%'(2>, G%, *%#%)(%8, (7%, &/8%$,
?)$?"$)(0/'2, )22"&0'5, (G/, %6?0()(0/', ?/&#/'%'(2B,,
C7%2%, &/8%$2, 808, '/(, #*/308%, ), 4%((%*, .0(, (/, (7%,
/42%*3%8,gJ,$0'%,$)88%*,(7)',(7%,20'5$%A?/&#/'%'(,
&/8%$2,G0(70', (7%,"'?%*()0'(0%2B,Z/*, *%.%*%'?%>, (7%,







$)88%*, 9Z05"*%, !<M=>, )'8, (7%, .)?(, (7)(, (7%,OFJ, $0'%,
*)(0/2, 0', OZ[!E, 9G0(70', (7%, %**/*2=, )*%, ?/'202(%'(,




(*)'2.%*, &/8%$2B, C7%, #)*)&%(%*2, )'8, *)'5%2,
%6#$/*%8, 4+, /"*, &/8%$2, )*%, >H0'L<@<BE!<@EBE, o>,
E9OF=L<@EB@!<@<<B@, ?&AE>, MOFJL<@<Y!<@FM, ?&AF>,,,
'`L<@AM!<>,)'8, , , hOFJIOFiL<@Af!<@AMB,`2,#*0/*2>,G%,
)22"&%, (7)(, (7%, #*%80?(%8, &/$%?"$)*, 5)2, &)22,
?)''/(,%6?%%8,(7%,8+')&0?)$,&)22>,)'8,(7)(,(7%,OFJ,
?/$"&', $%'5(7, 02, 2&)$$%*, (7)', /*, %K")$, (/, (7%,
/42%*3%8, 80)&%(%*, /., (7%, gJ, )'8, OFJA%&0((0'5,
*%50/'B,W%,)$2/,.06%8,(7%,OFJ,/*(7/A(/A#)*),*)(0/,(/,
E>,)'8,*%D%?(,R`VUk,*"'2,G7%*%,(7%,/#(0?)$,8%#(7,/.,
)$$, $0'%2, 02, /"(208%, (7%, *)'5%, "L<@A<@!<@FB, W%,
5%'%*)(%8, #/2(%*0/*, $0H%$07//8, 802(*04"(0/'2, ./*, )$$,
&/8%$, #)*)&%(%*2, "20'5, (7%, '%2(%8, 2)&#$0'5,
*/"(0'%,1n[C-]U!C>,G70?7,G%,"2%8, (/, ?)$$,R`VUk,
)'8, ?*%)(%, &/8%$2, ^/'A(7%A.$+_BPj, 1n[C-]U!C, 02, ),
c)+%20)',(//$,20&0$)*,(/,1g1g>,4"(,02,&/*%,%..0?0%'(,
G7%', 8%)$0'5, G0(7, &"$(0A&/8)$, *%50/'2, 0',
#)*)&%(%*, 2#)?%B, -(, )$2/, ?)$?"$)(%2, 3)$"%2, ./*, (7%,




./*, gJ, 0',OZ[!EB,O/G%3%*>, 8"%, (/, (7%, 7057, ?*0(0?)$,
8%'20(0%2, /., (7%, OFJ, $0'%2>, 5)2, 8%'20(0%2, /.,,,,,,,,,,
;<@PBM,?&AE, )*%, #*%.%**%8, 94$)?H, ?/'(/"*2, 0', Z05"*%,
!<Y=B,!"?7,7057,5)2,8%'20(0%2,/3%*,%6(%'8%8,*%50/'2,
)*%, "'#7+20?)$B, `$2/>, (7%, &)60&"&, $0H%$07//8,
2/$"(0/'2, /'$+, #//*$+, *%#*/8"?%, (7%, /42%*3%8, $0'%,
*)(0/2,0',`*#,FF@,)'8,OZ[!E>,0',#)*(0?"$)*,4%(G%%',
80*%?($+, ?/''%?(%8, %'%*5+, $%3%$2, 9)2, 7057%*, %'%*5+,
$%3%$2, )*%, /42%*3%8, (/, 7)3%, 7057%*, $0'%, .$"6%2, 0',
4/(7,`*#,FF@,)'8,OZ[!Ed,Z05"*%,!<M=B,J"*,&/8%$2,
(7"2,2"55%2(,(7)(,?/$$020/')$,%6?0()(0/',02,"'$0H%$+,(/,
4%, (7%, &)0', &%?7)'02&, (/, #*/8"?%, (7%, /42%*3%8,
OFJ,%6?0()(0/',0',`*#,FF@,)'8,OZ[!EB,,
,
C/, ."*(7%*, %6#$/*%, G7%(7%*, /*, '/(, ?/$$020/')$,
%6?0()(0/', 02, 0&#/*()'(, ./*, $/G%*, %'%*5+, $%3%$2>,G%,
?)**0%8, /"(, ), 2%#)*)(%, &/8%$0'5, *"'>, ()H0'5, /'$+,
.$"6%2, )'8, $0&0(2, ./*, $0'%2, G0(7, J"##%*IHc, aXF@@, o,
SUPPLEMENTARY INFORMATION
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0'(/, )??/"'(B, !/$"(0/'2, G0(7, $%22, %6(*%&%, 5)2,
8%'20(0%2, /., <@j!<@P, ?&AE, )*%, #*%.%**%8, 9*%8,
?/'(/"*2, 0', Z05"*%, !<Y=>, 4"(, )(, 205'0.0?)'($+,7057%*,
>H0', /., .%G, 7"'8*%82, (/, ;<@@@, oB, C7%, 4%2(A.0((0'5,
&/8%$2, 2(0$$, /'$+, #//*$+, *%#*/8"?%, (7%, /42%*3%8,
$0'%,*)(0/2,/.,80*%?($+,?/''%?(%8,%'%*5+,$%3%$2B,C7"2>,






/42%*3%8, *%$)(03%, $0'%, 2(*%'5(72, (7*/"57, ?/$$020/'2B,




(*)'20(0/'2>, *%2#%?(03%$+>, G70?7, (7%', ?)', #*/8"?%,
(7%, /42%*3%8, %&0220/', $0'%, 2(*%'5(7, 0', (7%,
?)2?)80'5, (*)'20(0/'2B, C7%, jM, Q&, (*)'20(0/',
?/0'?08%2, G0(7, (7%, /42%*3%8, #%)H, /., (7%, !UV>,
)$$/G0'5, ./*, ), 7057,#"&#0'5, %..0?0%'?+B,C7%,MP,Q&,
(*)'20(0/', .)$$2, /', (7%, W0%', ()0$, /., (7%, !UVB, -',
?/&40')(0/', G0(7, (7%, 7057%*, %'%*5+, /., (7%, $/G%*,
$%3%$, /., (7%, #"&#0'5, (*)'20(0/', 9)'8, (7"2>, $/G%*,
#/#"$)(0/', (7*/"57, ?/$$020/'2=, ?/&#)*%8, (/, (7%,
/*(7/AOFJ, ?7)''%$>, (702, %6#$)0'2, (7%, &"?7, $/G%*,
2(*%'5(7, /., 7057A$%3%$, #)*)AOFJ, $0'%2B, C7%, *%$)(03%,
2(*%'5(7,/.,)$$,8%(%?(%8,OFJ,$0'%2,02,?/'202(%'(,G0(7,
(7/2%,/42%*3%8,0',`*#,FF@,9Z05B,E=BF@,C7%,jM,Q&,)'8,
MP, Q&, #"&#0'5, (*)'20(0/'2, G%*%, 8%(%?(%8, 0',
)42/*#(0/',0',`*#,FF@>,G0(7,(7%,jM,Q&,.%)("*%,4%0'5,
&/*%, (7)', (G0?%, )2, 8%%#BF<, C702, 02, )$2/, ?/'202(%'(,
G0(7,(7%,.)?(,(7)(,G%,8%(%?(,(7%,JO,F#<IF9EIF!<IF=,
.%)("*%,)(,<YE,Q&,0',%&0220/'>,G70?7,7)2,)',"##%*,
$%3%$, %'%*5+, ?/&#)*)4$%, (/, (7%, *o)o?LEF<, $%3%$, /.,
/*(7/AOFJ>, 4"(, ?)', )$2/, 4%, %..0?0%'($+, #"&#%8, 4+,
MEBE,)'8,EM,Q&,#7/(/'2>,)2,/42%*3%8,0',`*#,FF@BF<,
,
J"*,&/8%$2, (7"2, 2"55%2(, (7)(, ?/$$020/')$, %6?0()(0/',
02, "'$0H%$+, (/, 4%, (7%, &)0', &%?7)'02&, (/, #*/8"?%,
(7%, /42%*3%8, OFJ, %6?0()(0/', 0', OZ[!E>, G70?7,
0'2(%)8,&)+,4%,%'7)'?%8,4+, (7%, 0'.*)*%8,*)80)(0/',
.0%$8, 0', (7%, 2()*A./*&0'5, *%50/'2B,C702, 02, ?/'202(%'(,
G0(7, /42%*3)(0/'2, )'8,&/8%$2, /., 3%*+, 7057, %'%*5+,










C/, 0'3%2(05)(%, (7%, #/22040$0(+, /., 5*)30()(0/')$,
$%'20'5>,G%,7)3%,"2%8,(7%,gJ,$"&0'/20(+A$0'%,G08(7,
*%$)(0/', ./*, $%'2%8, 2"4&0$$0&%(%*, 5)$)60%2, (/,





G7%*%, @tgJ, 02, 503%', 0', "'0(2, /., o, H&2A<,#?FB, C)H0'5,
(7%, )3%*)5%,+0ZWO1,/., (7%,gJ, *LF!<,)'8,Y!M, $0'%2>,
(702,2"55%2(2,P[L<BM±@Bj>,G0(7,(7%,%**/*,./*,@tgJ,)'8,
(7%,&%80)',%**/*,./*,+0ZWO1,)88%8,0',K")8*)("*%,(/,
(7%, %2(0&)(%8, N@l, "'?%*()0'(+, /., (7%, @tgJ!+0ZWO1,
*%$)(0/', ./*, (7%, +0ZWO1, /., OZ[!EB, C702, *%2"$(, 02,
?/'202(%'(, G0(7, '/, 2(*/'5, 5*)30()(0/')$, $%'20'5,
G0(70', (7%, "'?%*()0'(0%2>, G70?7, 02, )$2/, ?/'202(%'(,
G0(7, (7%, ?/&#)?(, &%)2"*%8, 20:%, /., (7%,
2"4&0$$0&%(%*,?/'(0'""&,%&0220/'B,
,
Z*/&, .0((0'5, #/#"$)(0/', 2+'(7%202, &/8%$2, (/, (7%,
/#(0?)$I'%)*A-R,8)(),/., (7%, ./*%5*/"'8,5)$)6+,\<c>,
G%, /4()0', ), 2(%$$)*,&)22, /.,AvLNBMm<B<ANBF"<@<@,12"'B,
c)2%8, /', 2()'8)*8, *%$)(0/'2>, (702, 2"55%2(2, ),
*%$)(03%$+, $/G,3%$/?0(+,802#%*20/',/., <@@±E@,H&2A<B,
C702, (*)'2$)(%2, (/, ), 2&)$$, U0'2(%0', *)80"2, /.,
@B<<_m@B@M_A@B@N_B, `(, (7%, 802()'?%, /., OZ[!E>, (702,
2"55%2(2, ), $%'20'5, &)5'0.0?)(0/', .)?(/*, /.,
P[L<BFNm@B<NA@B<<, 9<Y(7, )'8,PN(7,#%*?%'(0$%2=B,`$2/>,G%,
8/, '/(, 8%(%?(, ), $%'2%8, ?/"'(%*, 0&)5%, /.,OZ[!E, /',
(7%, /##/20(%, 208%, /., \<c, 0', /"*, 92"4=&0$$0&%(%*,
8)()B, Z*/&, (7%, 7057A*%2/$"(0/', <BF,&&, ?/'(0'""&,
8)()>, G%, /4()0', )', "##%*, $0&0(, /', (7%, 0&)5%A(/A
?/"'(%*A0&)5%, #%)H, 4*057('%22, *)(0/, /., @B<, 9N!=B,




EM@>, )'8, M@@, Q&, '"&4%*, ?/"'(2, (/, %2(0&)(%, (7%,
'"&4%*,8%'20(+, /., 2/"*?%2,G0(7, )M@@Q&;E@,&S+Bj,`(,
!;Y,9!;M=>,(7%2%,&/8%$2,2"55%2(,2/"*?%,8%'20(0%2,/.,
@B@<N, 8%5AF, 9@B<, 8%5AF=, )(, 2"?7, 4*057('%22, $%3%$2>,
Y@l, 9YNl=, /.,G70?7, )*%, %6#%?(%8, (/, 4%, 2()*4"*2(,
5)$)60%2B, J'$+, Ffl, 9FPl=, /., (7%2%, 2()*4"*2(2, )*%,
%6#%?(%8, (/, 4%, 5*)30()(0/')$$+, $%'2%8B, C7%2%,
%2(0&)(%2,)*%,?/'202(%'(,G0(7,(7%,2#)?%,8%'20(0%2,/.,
"$(*)A*%8, 2/"*?%2, $0H%, OZ[!E, G0(70', (7%, *%$)(03%,
"'?%*()0'(0%2B, 1/*%/3%*>, (702, 2"55%2(2, (7)(, ), !;Y,
2()*4"*2(,$0H%,OZ[!E>,/'?%,8%(%?(%8>,02,$%22,$0H%$+,(/,
4%, $%'2%8, (7)', "'$%'2%8B, C/5%(7%*>, (7%, )4/3%,
%2(0&)(%2, )*%, ?/'202(%'(, G0(7, OZ[!E, '/(, 4%0'5,
2(*/'5$+,5*)30()(0/')$$+,$%'2%8>,8%2#0(%,0(2,*%$)(03%$+,
7057,/42%*3%8,4*057('%22B,






Wavelength Frequency Flux Density Error Observatory 
[!m] [GHz] [mJy] [mJy]  
0.4686 640,000 <0.052e-3  GTC (g) 
0.6165 485,000 <0.083e-3  GTC (r) 
0.7481 400,000 <0.052e-3  GTC (i) 
0.8931 335,000 <0.157e-3  GTC (z) 
2.2 135,000 1.823e-3 0.305e-3 WHT+Keck (Ks) 
3.4 88,000 <0.08  WISE 
3.6 83,000 2.39e-3 0.25e-3 IRAC 
4.5 67,000 3.16e-3 0.52e-3 IRAC 
4.6 65,000 <0.11  WISE 
12 25,000 <0.8  WISE 
22 13,600 <6  WISE 
70 4,300 <2.0  PACS 
110 2,700 <2.2  PACS 
160 1,900 <4.0  PACS 
250 1,200 12.0 2.3* SPIRE 
350 850 32.4 2.3* SPIRE 
500 600 47.3 2.8* SPIRE 
880 341 33.0 2.4 SMA 
1,055.0 284.161 20.57 0.45 Z-spec 
1,110 270 21.3 1.1 SMA 
1,151.6 260.329 17.10 0.37 Z-spec 
1,157.5 259.106 17.12 0.81 PdBI 
1,157.5 259.106 13.9 1.9 CARMA 
1,190.1 251.906 13.51 1.22 CARMA 
1,196.8 250.490 14.07 0.60 PdBI 
1,247.2 240.364 15.05 0.19 PdBI 
1,247.7 240.284 14.17 0.38 Z-spec 
1,317.2 227.604 10.13 0.29 PdBI 
1,349.4 222.167 11.76 0.40 Z-spec 
1,448.2 207.013 9.78 0.45 Z-spec 
1,469.4 204.027 9.79 0.29 PdBI 
1,821.4 164.598 6.57 0.18 PdBI 
1,900.3 157.757 4.59 0.39 PdBI 
2,000 150 2.93 0.37 GISMO 
2,014.7 148.800 3.35 0.12 PdBI 
2,121.2 141.328 3.22 0.12 PdBI 
2,226.5 134.650 2.38 0.11 PdBI 
2,633.9 113.819 1.25 0.09 PdBI 
2,722.2 110.128 1.21 0.10 PdBI 
2,722.2 110.128 1.59 0.12 CARMA 
2,924.8 102.500 0.705 0.134 CARMA 
3,181.0 94.246 0.527 0.078 CARMA 
6,360.8 47.1311 0.139 0.030 JVLA (Q) 
9,540.9 31.4217 0.0469 0.0093 JVLA (Ka) 
19,081.5 15.7112 <0.015  JVLA (U) 



















 [GHz] [mJy] [km/s] [Jy km/s] [1010 Ll#]  
CO J=1-0 115.2712018 0.249 0.077 280 118 0.074 0.024 9.7 3.2 JVLA* 
CO J=2-1 230.5380000 0.525 0.047 567 66 0.315 0.028 10.4 0.9 JVLA 
CO J=3-2 345.7959899 0.692 0.090 977 160 0.717 0.094 10.5 1.4 JVLA 
CO J=5-4 576.2679305   <1.85 <9.7 CARMA 
CO J=6-5 691.4730763 3.44 0.86 752 232 2.74 0.68 10.0 2.5 CARMA 
CO J=7-6 806.6518060 3.16 0.75 866 298 2.90 0.77 7.8 2.0 CARMA 
  2.14 0.21 979 145 2.22 0.25 6.0 0.7 PdBI 
CO J=9-8 1,036.912393 3.48 0.57 497 107 2.77 0.45 4.5 0.7 PdBI 
CO J=10-9 1,151.985452 3.94 2.01 937 165 3.91 1.59 5.2 2.1 PdBI 
CO J=12-11 1,381.995105   <18.1 <16.6 Z-spec 
CO J=13-12 1,496.922909   <1.99 <1.6 PdBI 
CO J=14-13 1,611.793518   <6.0 <4.0 Z-spec 
CO J=15-14 1,726.602507   <8.0 <4.7 Z-spec 
CO J=16-15 1,841.345506   <1.80 <0.9 PdBI 
CO J=17-16 1,956.018139   <8.6 <3.9 Z-spec 
CO J=18-17 2,070.615993   <10.5 <4.3 Z-spec 
CO J=19-18 2,185.134680   <13.1 <4.8 Z-spec 
H2O 211-202 752.033227 2.68 0.78 927 330 2.63 0.76 8.1 2.3 CARMA 
H2O 202-111 987.926764 2.56 0.31 805 129 2.19 0.33 3.9 0.5 PdBI 
H2O 312-303 1,097.364791 2.59 0.43 672 146 1.83 0.45 2.7 0.5 PdBI 
H2O 312-221 1,153.126822 2.51 2.08 937 165 2.49 1.74 3.3 2.3 PdBI 
H2O 321-312 1,162.911593 4.84 0.77 937 165 4.81 0.76 6.2 0.9 PdBI 
H2O 422-413 1,207.638714 1.56 0.60  1.25 0.48 1.5 0.5 PdBI* 
H2O 523-514 1,410.618074   <5.9 <5.2 Z-spec 
H2O 413-404 1,602.219182   3.96 2.70 2.7 1.8 Z-spec* 
H2O 221-212 1,661.007637   <1.92 <1.2 PdBI 
H2O 212-101 1,669.904775   <2.26 <1.4 PdBI 
H2O 303-212 1,716.769633   <6.7 <4.0 Z-spec 
H2O 633-624 1,762.042791   <6.2 <3.5 Z-spec 
H2O 624-615 1,794.788953   <7.5 <4.1 Z-spec 
H2O 734-725 1,797.158762   <7.5 <4.1 Z-spec 
H2O 532-523 1,867.748594   <6.8 <3.4 Z-spec 
H2O 523-432 1,918.485324   <7.3 <3.5 Z-spec 
H2O 322-313 1,919.359531   <7.5 <3.6 Z-spec 
H2O 431-422 2,040.476810   <10.5 <4.4 Z-spec 
H2O 413-322 2,074.432305   <11.6 <4.7 Z-spec 
H2O 313-202 2,164.131980   <11.4 <4.2 Z-spec 
H2O 330-321 2,196.345756   <16.0 <5.8 Z-spec 
H2O 514-505 2,221.750500   <16.8 <5.9 Z-spec 
H2O+ 202-111       
     J=5/2-3/2 742.0332   <1.08 <3.4 CARMA 
     J=3/2-3/2 746.1938 1.64 0.99 542 410 0.94 0.57 3.0 1.8 CARMA* 













 [GHz] [mJy] [km/s] [Jy km/s] [1010 Ll#]  
OH 2#1/2 3/2-1/2 1,834.74735/ 
1,837.81682 
7.82 0.80 1493 222 12.37 1.43 6.4 0.7 PdBI 
    5.98 3.25 3.1 1.7 Z-spec* 
OH+ 11F-01F ~1,033.0582   -0.56 0.18 -0.92 0.29 PdBI* 
CH+ J=1-0 835.07895   <1.1 <2.8 PdBI 
CH+ J=2-1 1,669.15951   <2.3 <1.4 PdBI 
NH3 3Ka-2Ks ~1,763.6496 -1.56 0.51 648 290 -1.07 0.37 -0.60 0.21 PdBI* 
    -5.68 2.83 -3.2 1.6 Z-spec* 
NH 22-11 ~1,958.2068   -7.06 3.10 -3.2 1.4 Z-spec* 
HF J=2-1 2,463.42814   <19.6 <5.6 SMA 
[CI] 3P2-3P1 809.343500 1.82 1.30 276 240 0.53 0.37 1.4 1.0 CARMA* 
  0.76 0.45 419 341 0.34 0.21 0.91 0.57 PdBI 
[CII] 2P3/2-2P1/2 1,900.543 29.34 6.12 470 135 14.62 3.05 7.1 1.6 CARMA 
    9.99 2.86 4.8 1.4 Z-Spec 
    13.66 2.07 6.6 1.0 PdBI 
[NII] 3P1-3P0 1,461.132   <6.3 <5.2 Z-spec 
[NII] 3P2-3P1 2,459.380   <19.6 <5.7 SMA 







Parameter Median value 1!  range 1D Max 4D Max 
Tkin [K] 143.59 113.64-202.21 138.04 138.04 
log10 n(H2) [cm-3] 3.84 3.63-4.08 3.80 3.80 
log10 NCO [cm-2] 20.84 20.63-21.03 20.92 21.02 
log10 'A !1.78 !1.88 - !1.68 !1.70 !1.70 
log10 P [K cm-2] 6.02 5.82-6.24 6.12 6.12 
log10 <NCO> [cm-2] 19.08 18.83-19.30 19.21 19.21 




















L’CO 1.04±0.09"1011 K kms-1pc2 
LCO 5.08±0.45"106 Lsun 
L[CI] 3.0±1.9"108 Lsun 
L[CII] 1.55±0.32"1010 Lsun 
LFIR 2.86+0.32-0.31"1013 Lsun 
Mgasa 1.0"1011Msun 
MCIb 4.5"107 Msun 
MHIc 2.0"1010 Msun 
Mdust 1.31+0.32-0.30"109 Msun 
M* 3.7"1010 Msun 
Mdyn 2.7"1011 Msun 
SFRd  2,900 Msunyr-1 




gas-to-dust ratio 80 
tdep 36Myr 
(  0.06 
d[CII] 3.4 kpc"2.9 kpc 
dFIR 2.6 kpc"2.4 kpc 
Tdust 55.9+9.3-12.0K   




































.*/&,(7%,T8c-=B,`,&/*%,2%'20(03%,?/'2(*)0'(,/', (7%,gJ, *L<Y!<M, $0'%, 02,/4()0'%8, .*/&,(7%,T8c-, .*%K"%'?+,
2%("#, ()*5%(0'5, (7%, JO, F#<IF, EIF!<IF, .%)("*%B, `, 2?)$%8>, .$"6A0'3%*(%8, #*/.0$%, /., (7%, OFJ, *o)o?,L, EF<!E<F,






/3%*,&"$(0#$%, .*%K"%'?+, 2%("#2, )'8, )**)+, ?/'.05"*)(0/'2B, C7%, *%2/$"(0/', /., %)?7,&)#, 02, 0'80?)(%8, 0', (7%,
4/((/&, $%.(, ?/*'%*, /., %)?7, #)'%$B, U&0220/', 02, 8%(%?(%8, )(, <F>, <NP>, <MM>, <P>, )'8, <j!, #%)H, 205'0.0?)'?%>,
*%2#%?(03%$+, 97057, 205')$A(/A'/02%, *)(0/, &)#2, 27/G, 4%)&, *%208")$2, ).(%*, ?$%)'0'5, 8"%, (/, $0&0(%8, Q0,
?/3%*)5%=B, 4Aa>, O057A*%2/$"(0/', &)#2, /., (7%, /42%*3%8A.*)&%, FBj, &&, 94=>, <Bf, &&, 9'=>, <BF, &&, 9B>, T8c-=>,,,,,,,,,
<B<,&&,9-=>,)'8,PP@,Q&,9a>,!1`=,?/'(0'""&,%&0220/'>,)2,/4()0'%8,4+,?/$$)#20'5,T8c-,`,?/'.05"*)(0/',)'8,
!1`,<B<,&&,UkC,?/'.05"*)(0/',8)(),/'$+,9PP@,Q&,8)(),)*%,(7%,2)&%,)2,0',(/#,*/G=B,g/'(/"*2,2()*(,)(,±E!,
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SUPPLEMENTARY INFORMATION




^-'1&(# *K`# `(/&0?, )'8, &/$%?"$)*, $0'%, %&0220/', (/G)*82, OZ[!EB, g`R1`>, T8c->, )'8, Sq[`, &)#2, /.,,,,,,,,,,,,,,,,,,
<F,%&0220/',$0'%2,.*/&,80..%*%'(,gJ,9%!(=>,JO,94=>,)'8,OFJ,9-!+=,*/()(0/')$,(*)'20(0/'2,)'8,hg-i,9'=>,)'8,hg--i,
9B=,.0'%,2(*"?("*%,$0'%2B,C7%,4%)&,20:%2,)*%,0'80?)(%8,0',(7%,4/((/&,/.,%)?7,#)'%$B,g/'(/"*2,2()*(,)(,±E!,)'8,






^-'1&(# *M`, C*)?%*2, /., (7%, 2()*A./*&0'5,
0'(%*2(%$$)*, &%80"&, *%8270.(%8, (/, (7%,,,
<, &&, G0'8/G, 0', OZ[!EB, g!JIpA2#%?,
2#%?(*"&,/.,OZ[!E,G0(7,<!,*B&B2B,%**/*,
4)*2, )'8, (%'()(03%, $0'%, 08%'(0.0?)(0/'2,
/3%*$)+%8B,C7%,hg--i>,JO,F#<IF,EIF!<IF>,
)'8, ]OE, 9E>o=)!9F>o=2, .%)("*%2, G%*%,
0'8%#%'8%'($+, ?/'.0*&%8, 9]OE, G)2,
/'$+, (%'()(03%$+, ?/'.0*&%8=, (7*/"57,
0'(%*.%*/&%(*0?, /42%*3)(0/'2, G0(7,
g`R1`, )'8, (7%, T8c-B, C7%, 2#%?(*"&,
27/G2, )', 0'(%*$/#%*, $0'%, ?$/2%, (/, (7%,
*%8270.(%8, .*%K"%'?+, /., gJ, *L<E!<F,
G70?7, 02, '/(, 2%%', 0', 0'(%*.%*/&%(*0?,
/42%*3)(0/'2, G0(7, (7%, T8c-, 9)'8, (7"2>,





























^-'1&(# *T`, V+')&0?)$, 2(*"?("*%, /., )(/&0?, )'8, &/$%?"$)*, $0'%, %&0220/', (/G)*82, OZ[!EB, q%$/?0(+, 9.0*2(,












80..%*%'(,#/20(0/'2,9#/20(0/'2,/.,%6(*)?(0/',0'80?)(%8,4+,(7%,?*/22%2, 0',(7%, $0'%,&)#,0',(7%, $%.(,#)'%$=>,)'8,
)3%*)5%,3%$/?0(+,#*/.0$%,90=B,OZ[!E,02,?/&#/2%8,/.,(G/,?/&#/'%'(2,G0(7,3%$/?0(+,G08(72,/.,jMP±<M<,)'8,
FNE±Ef,H&2A<,9ZWO1=,)(,*%8270.(2,/.,!LYBENFj,)'8,YBEEEMB,C7%,3)*+0'5,$0'%,G08(72,4%(G%%',80..%*%'(,$0'%2,









^-'1&(# *X`, R)80/, ?/'(0'""&, %&0220/', (/G)*82, )'8, *%50/', )*/"'8, OZ[!E, )(, &0$$0&%(%*, G)3%$%'5(72B, %>,
Sq[`,8%(%?(0/',/.,/42%*3%8A.*)&%,F@,?&,9*%2(A.*)&%,FBf,?&=,?/'(0'""&,%&0220/'B,g/'(/"*2,)*%,0',2(%#2,/.,
<! L, <<, QS+, 4%)&A<>, 2()*(0'5, )(, ±F!B, C7%, '/'A(7%*&)$, 2+'?7*/(*/', %&0220/', *%&)0'2, "'*%2/$3%8, )(,
<BN_"<BF_,9P,H#?"j,H#?=,*%2/$"(0/'>,)'8,02,8%(%?(%8,)(,),2(*%'5(7,?/'202(%'(,G0(7,(7%,*)80/AZ-R,?/**%$)(0/',























27/G2, (7*%%,4*057(, ?/&#/'%'(2B, C7%,'/*(7%*', ?/&#/'%'(, 02, ?/'202(%'(,G0(7, (7%,#/20(0/', /., (7%, :LFB@fF,
./*%5*/"'8,5)$)6+,\<cB,C7%,/(7%*, (G/,?/&#/'%'(2,)*%,2#)(0)$$+,?/0'?08%'(,G0(7,hg--iA%&0((0'5,*%50/'2, 0',
OZ[!EB, C7%, 2/"(7A%)2(%*', /., (7%, (G/, ?/&#/'%'(2, 02, ?/'202(%'(,G0(7, (7%, #%)H, #/20(0/', /., (7%, /42%*3%8A
.*)&%,<,&&,?/'(0'""&,%&0220/'B,C7"2>, (7%,FBF,Q&,/42%*3)(0/'2, $0H%$+,8%(%?(, (G/, *%50/'2,G0(70',OZ[!E,
















2 2  |  W W W. N A T U R E . C O M / N A T U R E
RESEARCH
,
^-'1&(# *!!`, J#(0?)$, 2#%?(*/2?/#+, (/G)*82, OZ[!E, )'8,
./*%5*/"'8, 2/"*?%2B, o%?HI[R-!, 2#%?(*/2?/#+, (/G)*8,
OZ[!EB,C7%,(/#,#)'%$,27/G2,(7%,#/20(0/',)'8,)$05'&%'(,/.,
(7%, 2$0(>, /3%*$)+%8, /', ), \Cg, 9A4)'8, 0&)5%B, C7%, G70(%,
?/'(/"*2,?/**%2#/'8,(/,(7%,<BF,&&,?/'(0'""&,%&0220/',)2,
8%(%?(%8,(/G)*8,OZ[!E,G0(7,(7%,T8c-,9)$2/,27/G2,)2,0'2%(=B,
`, 0'80?)(%2, (7%,#/20(0/', /., ), [+&)'A$, %&0((%*>, c, 0'80?)(%2,
(7%,#/20(0/',/.,\<c>,),5)$)6+,X@BYM_,'/*(7,/.,OZ[!EB,g,)'8,
V, 0'80?)(%, *%.%*%'?%, 2/"*?%2B, C7%, 4$"%, $0'%2, 0'80?)(%, (7%,
802()'?%, /., 2/"*?%2, `, )'8, c, .*/&, gB, C7%, 4/((/&, #)'%$2,
27/G,(7%,/'%A80&%'20/')$,2#%?(*),%6(*)?(%8,)(,#/20(0/'2,`,
)'8,c>,G70?7,)*%,?/'202(%'(,G0(7,[+A$,%&0220/',)(,!LFBF@F,
9`=, )'8,G0(7, ),[+&)'A?/'(0'""&,4*%)H,)'8,g-q, 9<MNf,x=,
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